The dielectric spectra o f diethylsulfoxide (DESO)/tetrachloromethane mixtures have been measured from 0.5 to 72 GHz at 20°C. On the basis of the relation between the relaxation time and the DESO concentration a complex formation between DESO and tetrachloromethane is suggested.
Introduction
Diethylsulfoxide (DESO), like dimethylsulfoxide (DMSO), has unique physicochemical properties [1, 2] and could find biomedical applications [3] . The relative ly long relaxation time obtained from dynamic dielec tric measurements indicates the occurence of strong as sociative effects in pure DESO [1] , even stronger than in DMSO. Moreover these results lead to the conclusion that not only dipole-dipole interactions between SO groups but also intermolecular hydrogen bonds of the type SO---HC are responsible for self-association of DESO molecules.
It is known that CC14 reveals an ability to form charge-transfer complexes with various electron-donor organic compounds [4, 5] . Such a possibility has also been considered for DMSO [6] . Early, on the basis of dielectric relaxation measurements on the DMSO/CCl4 system it was concluded that some kind of transient 'associates', or in other words, donor-acceptor com plexes between molecules of DMSO and CC14 could be formed [7] . Indeed, our re-investigation of the dielectric properties of the DMSO/CCl4 system has shown that the relaxation time t exhibits a maximum at a mole frac tion -*dmso = 0.5 (with r==24ps). These results con firm, on one hand, the formation of DMSO-CCl4 com plexes with 1:1 stoichiometry and show, on the other hand, that those complexes are relatively short-living.
In view of the results on DMSO/CCl4 it seemed worthwhile to study also the D E S O /C C I 4 system. In the present work the dynamic dielectric properties of the latter have been investigated in order to gain informa tion on self-association of DESO molecules as well as on complex formation between molecules of DESO and CC14.
Experimental
The dielectric loss spectra £"(v) of the systems D E S O /C C I4 and DMSO/CCl4 were measured at 20 °C in the frequency range from v= 500 MHz up to 72 GHz, using various apparatus. The DESO/CCl4 mixtures were studied over the mole fraction range jcdeso = 0.1 to 1, and the DMSO/CCl4 mixtures from xDMso ~ 0.3 to 1. The conductivity was determined with a conductivity meter 'Jenway 4330', and the viscosity was measured with a capillary viscometer. DESO and DMSO were pre viously dried over anhydrous sodium sulfate, then over barium oxide, and finally distilled under vacuum. Tetra chloromethane was used after distillation.
Results and Discussion
The density d, conductivity k, viscosity 77 and refrac tive index nD of DESO/CCl4 for the whole concentra tion range of the mixtures are summarized in Table 1 . For comparison the corresponding data for DMSO/CCl4 are also presented.
As can be seen from Table 1 , the conductivity of pure DESO as well as of its solutions is higher than that of DMSO, whereas the values of the viscosities are close ly similar. One may suppose that the participation of hy drogen atoms of the a-CH2 group in chain intermolec ular associates causes that increase of conductivity.
0932-0784 / 01 / 1100-0785 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen ■ www.znaturforsch.com Figure 1 shows the dielectric loss spectrum, viz. e" against frequency v, for a typical DESO/CCl4 mixture. Apart from the conductivity contribution £" = k / ( 2 jt£q v ), the spectrum can be described by a relaxation contribu tion of Cole-Davidson (CD) type, but ony slightly broad ened in comparison to a Debye type curve. A correspond ing analysis is possible for all mixtures studied. The CD character increases (the skewness parameter ß decreases) with increasing mole fraction xDESO,
The relaxation parameters, viz. relaxation times r and relaxation strengths S, for both binary systems are repre sented in Figure 2 . The CD parameter ß changes from 1 (i.e. Debye type) for low DESO concentrations to 0.88 for pure DESO [1] .
Like DMSO/CCI4 [7] , also in the case of DESO a de viation from the well-known correlation between relax ation time r and viscosity r] is found inasmuch as the re laxation time does not change in parallel manner with the viscosity. This striking observation, which seems to be peculiar to the systems studied here, points to the oc curence of specific interactions between dialkylsulfox ide (DASO) and CC14 molecules.
Since tetrachloromethane is a non-polar molecule, the observed relaxation component can essentially be ascribed to the highly polar sulfoxide molecules. Ac cordingly the relaxation contribution becomes more in tense as the sulfoxide concentration increases.
An apparent DESO dipole moment /u ,app was calculat ed from the static-optical data (viz. putting ex = n□) by use of the Onsager relation. The apparent moment in creases slightly with increasing DESO mole fraction ;cDesch roughly to be described as linearly varying from 4.2 to 5.0 D (the corresponding values for DMSO/CCl4 are lower: 3.9 to 4.5 D). An interesting feature already mentioned above is the dependence of the relaxation time to n the mole fraction of DESO or DMSO, Figure 2 . The position of the pla teau or maximum of r corresponds to a DASO mole fraction of 0.5. Thus one can conclude that a 1:1 com plex formation between sulfoxide and tetrachloromethane is a common feature for both the DESO/CCl4 and DMSO/CCI4 system. However, as to be seen from Fig. 2 there are some differences between these systems. At * d a s o = 0-5, the relaxation times are 42 and 24 ps for DESO and DMSO, respectively, whereas at xDAso = 1 (pure sulfoxide) the respective values are increased to 51 ps (DESO) but decreased to 19.5 ps (DMSO).
Under the assumption that the relaxation process con sists in the tumbling motion of quasi-rigid entities, the relaxation times found may be used for an estimation of the effective radius /-eff of those entities. For that pur pose an empirical correlation derived from studies on non-associating polar molecules can be used [7] , As it follows from Table 2 , the effective radii reff are not con sistent with the geometrical radii rg. For the pure sub stances the reff values are clearly larger than rg of single DASO molecules, by this indicating self-association. The opposite order, as (within uncertainty limits) appar ent for the assumed DASO • CC14 complexes (Fig. 3) , could be considered a hint at an additional 'chemical' relaxation mechanism acting on those complexes. Such a mechanism, by which the relaxation time is generally influenced also by the lifetime of a 'complex', should be taken into consideration for the DASO self-associates, too. Comparison of the differences between relaxation times of the pure substances and of the 1:1 mixtures with CCI4 gives rise to the suspicion that (unlike DMSO) the self-associates of DESO are long-lived in comparison to the DESO-CCl4 hetero-associates.
In conclusion, in case of the DASO/CCl4 mixtures we can suppose the presence of two competitive processes, i.e. interaction between DASO and CC14 and self-association of DASO:
nDASO ^ (DASO)".
The more probable DESO-CCl4 interaction could act via a negative chlorine atom of CC14 and the positive sulfur atom of the sulfoxide, Cl6 -••• S6+. Figure 3 shows the corresponding space filling model of the DESO • CCI4 complex.
